Objective-To examine opioid replacement therapy in pregnancy and maternal effects on neonatal outcomes including length of hospital stay for neonatal abstinence syndrome.
2005). To lower health risks, pregnant women who are opioid dependent have been treated with methadone maintenance therapy (MMT), the standard of care for several decades (Jones et al., 2005) . Another treatment option became available when the United States (U.S.) Food and Drug Administration (FDA) approved the use of buprenorphine maintenance therapy (BMT) in 2002 as a treatment for opioid dependence (Rayburn & Bogenschutz, 2004) . However, neonates with intrauterine opioid exposure are at risk for withdrawal and prolonged length of hospital stay (LOS). Strategies to optimize therapy for opioid dependent pregnant women to improve neonatal outcomes are essential. One approach has been to compare the two synthetic opioid replacement therapies on perinatal and neonatal outcomes, particularly neonatal abstinence syndrome (NAS) however, findings continue to be inconclusive (Jones et al., 2010; Kakko, Heilig, & Sarman, 2008; Minozzi, Amatao, Vecchi, & Davoli, 2008) . Hence, the current study examined the experience of opioid replacement therapies in a large rural sample.
Twenty-one to 94% of neonates with in utero exposure to opioids experience withdrawal symptoms characterized by central nervous system hyperirritability, gastrointestinal dysfunction, respiratory distress and vague autonomic symptoms such as yawning, sneezing, mottled color and fever (Ebner et al., 2007; Jansson, Velez, & Harrow, 2009 ) with a 46%-78% likelihood of receiving pharmacologic treatment with an extended hospital stay (Dashe et al., 2002; McCarthy, Leamon, Parr, & Anania, 2005) . Prolonged hospitalization of neonates with NAS may affect infant attachment, disrupt families, and increase health care costs. Long term effects of such exposures and the consequences of NAS remain unclear (Sanchez, Bigbee, Fobbs, Robinson, & Sato-Bigbee, 2008) .
Methadone Maintenance Therapy
The use of methadone in opioid dependent pregnant women lowers maternal morbidity and mortality rates and promotes fetal stability and growth compared to women who use heroin (Ludlow, Evans, & Hulse, 2004) . Continuous methadone treatment during pregnancy is associated with improved earlier antenatal care (Burns, Mattick, Lim, & Wallace, 2007) , compliance with prenatal care and better preparation for infant care and parenting responsibilities (Dawe, Harnett Rendalls, & Staiger, 2003) . However, the neonate exposed to methadone in utero is at risk for neonatal abstinence syndrome (NAS) and prolonged hospital stay (Arlettaz et al., 2005) . The higher the maternal methadone dosages the more severe the NAS (Dashe et al., 2002; Isemann, Meinzen-Derr, & Akinbi, 2011; Lim, Prasad, Samuels, Gardner, & Cordero, 2009; Sharpe & Kuschel, 2004) although Kuschel, Austerberry, Cornwell, Couch, and Rowley, (2004) and Pizarro et al. (2011) found that the maternal methadone dose did not predict the need for NAS treatment. McCarty et al. (2005) showed that pregnant women on higher doses of methadone had significantly less illicit drug use at delivery even when the women had longer histories of drug addiction. Gravid women on MMT who use more than two illicit substances have higher preterm birth rates compared to the national average (Almario, Seligman, Dysart, Berghella, & Baxter, 2009 ). They found that the incidence of preterm birth was 29.1% with MMT alone and higher in women who abused illicit drugs and/or alcohol while on MMT.
A majority of opioid dependent women on maintenance treatment use tobacco, which plays an important role in perinatal outcomes, particularly preterm birth (Kearney, 2008) . Those who smoked more than 20 cigarettes per day had the added risk of having neonates with significantly higher NAS peak scores and took longer to peak than those who smoked less (Choo, Huestis, Schroeder, Shin, & Jones, 2004) . Beyond the neonatal period, maternal cigarette smoking has been found to be a precursor to neuro-psychological deficits in offspring and these deficits have been associated with problematic behaviors, including early onset criminal offenses (McGloin, Pratt, & Piquero, 2006) . Among pregnant women on MMT, tobacco use has also been found to be significantly associated with maternal mood disorders (Chisolm, Tutuen, Brigham, Strain, & Jones, 2009 ). Treatment of co-occurring psychiatric disorders with antidepressants, benzodiazepines or antipsychotics may further impact NAS. The concomitant use of benzodiazepines and MMT was associated with longer stays for the neonates with NAS (Seligman et al., 2008) . Benzodiazepines used by women during pregnancy can accumulate in the fetal tissue, especially if the use was chronic or at high doses (Guthrie & Augustin, 2008) and this may delay neonatal withdrawal symptoms (Oei & Lui, 2007) .
Another factor that impacts NAS is the concentration of opioids in fetal circulation, which is influenced by gestational age and placental function (Farid, Dunlop, Tait, & Hulse, 2008; Nanovskaya et al., 2002 Nanovskaya et al., , 2004 Nanovskaya et al., , 2005 Nekhayeva et al., 2005) . As pregnancy progresses, there is a reduction in maternal methadone blood levels and the placenta affects the concentration of methadone in fetal circulation. This may account for the variability seen in the incidence and intensity of NAS among exposed infants, specifically at different gestational ages. Furthermore, breastfeeding is speculated to ameliorate the potential for severe NAS and the need for NAS treatment (Jansson et al., 2007; 2008) . The concentrations of methadone and buprenorphine found in human milk are low; therefore, women on opioid maintenance therapy should be permitted to breastfeed if desired and stable (Jansson, 2009 ). Taken together, there is variability in neonatal outcomes when MMT is used during pregnancy due to a number of maternal behaviors and physiological changes in pregnancy.
Buprenorphine Maintenance Therapy
Buprenorphine hydrochloride was approved by the FDA for treatment of opioid dependent patients in 2002 but not for pregnant patients (Comer & Annitto, 2004) . Women in treatment for opioid dependence that have conceived while on BMT have been permitted to continue with BMT for the duration of their pregnancy if stable. It is hypothesized that BMT may be equally effective to MMT and yield less intense NAS in the neonate (Jones et al., 2005; Fischer et al., 2006; Kayemba-Kay's & Laclyde, 2003; Nanovskaya, Deshmukh, Brooks, & Ahmed, 2002; Schindler et al., 2003) . The placenta acts as a depot for buprenorphine thus lowering transplacental transfer to fetal circulation and lessening the incidence and intensity of NAS (Nanovskaya et al., 2002 (Nanovskaya et al., , 2004 Nekhayeva et al., 2005) . Significant differences in urinary disposition of buprenorphine metabolites between trimesters in nine pregnant women points to other possible causes for the variability seen in neonatal NAS from BMT (Kacinko, Jones, Johnson, Choo, & Huestis, 2008) .
Methadone Versus Buprenorphine in Pregnancy
Findings from a number of comparative studies on the use of methadone and buprenorphine in pregnancy have lead to the increased use of buprenorphine among pregnant women despite lack of FDA approval. Buprenorphine exposed fetuses had higher levels of fetal heart rate variability and accelerations, greater coupling between fetal heart rate and fetal movement, and less suppression of motor activity and longer duration of movement than the methadone exposed fetuses (Jansson et al., 2011) . Kahila, Saisto, Kivitie-Kallio, Haukkamaa, and Halmesmaki (2007) compared outcome measures of women on BMT to national statistics and found that the pregnancies and deliveries were uneventful; however, severe NAS occurred in 57% of the newborns and there were two deaths from sudden infant death syndrome (SIDS). Kakko et al. (2008) followed BMT exposed neonates and MMT exposed neonates and found significant advantages with BMT over MMT. Birth weight was higher in the BMT exposed group due to longer gestation and the incidence of NAS of any intensity, as well as the incidence of NAS that received pharmacologic treatment, was lower. The duration of hospitalization was shorter for the BMT exposed neonates which was consistent with previous research (Jones, 2005; Johnson, Jones, & Fisher, 2003; KayembaKay's & Laclyde, 2003; Lejeune, Simmat-Durand, Gourarier, & Aubisson, 2006) . When BMT was started pre-conception, NAS was less frequent than in subjects with post conception initiated treatment (Kakko et al., 2008) . The prognosis for the infants improved because of the specialized prenatal care that the mothers received regardless of the type of opioid substitution (Simmat-Durand, Lejeune, & Gourarier, 2008; Vavrinková & Binder, 2007) . A prospective comparative study of the effect of buprenorphine, methadone, and street heroin on the course of pregnancy and NAS found that substitution therapy decreases street heroin use but methadone increases NAS severity (Binder & Vavrinková, 2008) .
Findings from the Maternal Opioid Treatment: Human Experimental Research (MOTHER) project, a multicenter, randomized clinical trial comparing buprenorphine with methadone for the treatment of opioid dependent pregnant women, supports the use of BMT in pregnancy (Jones et al., 2010) . Neonates exposed to BMT required significantly less morphine to treat NAS, had a significantly shorter hospital stay and experienced a significantly shorter duration of treatment for NAS. The researchers concluded that BMT should be considered as a safe alternative to methadone and perhaps even as a first-line treatment option for opioid dependency during pregnancy. Clinicians are reminded to consider the ceiling effect of buprenorphine and the possibility of lowered adherence to treatment in comparison to methadone (Jones et al., 2010) . Significant gaps in knowledge remain in the treatment of opioid dependent pregnant women particularly in regard to the type and dose of opioid replacement therapy and the effects of concomitant exposures to tobacco, marijuana, SSRIs and benzodiazepines on NAS.
Generally, opioid dependent pregnant women are advised to initiate or continue with opioid replacement therapy over illicit drug use to improve perinatal and neonatal outcomes. However, their neonates are at risk for NAS and prolonged hospital stays. The intent of the current study was to identify maternal and neonatal factors that may influence or predict NAS and thus LOS in neonates exposed to opioid replacement therapy. Although BMT was less commonly used to treat opioid dependent pregnant women during this research period (January 1, 2005-December 1, 2007), neonates in the current study included those with buprenorphine exposure. In the large methadone exposed sample, we hypothesized that concomitant prenatal exposures, such as tobacco, alcohol, marijuana, selective serotonin reuptake inhibitors (SSRIs), and benzodiazepines may increase LOS. Further, we hypothesized that the neonates of opioid dependent pregnant women on buprenorphine, as compared to methadone, would have reduced LOS. Specific aims were to:
1. Examine the effect of methadone dose on neonatal LOS; 2. Examine neonatal LOS in the presence of other exposures (tobacco, marijuana, benzodiazepines, SSRIs and alcohol) and with infant feeding method;
3. Compare MMT to BMT in this small sample.
Method
Institutional Review Board approval was obtained from Eastern Maine Medical Center (EMMC), Bangor, Maine and the University of Maine, Orono, Maine. A retrospective chart review was conducted of medical records for opioid dependent pregnant women on MMT or BMT and their newborns delivered between January 1, 2005 and December 31, 2007. The electronic medical records (EMRs) were queried at EMMC and a list of women on prescribed MMT or BMT when admitted for labor and delivery was generated. Similarly, a list of neonates diagnosed with NAS was generated as a cross reference. Women on MMT (n = 136) or BMT (n =16) who labored and delivered at EMMC or at an outlying community hospital during the same time-period and whose neonates were directly admitted to the EMMC Neonatal Intensive Care Unit were used for the study. Opioid dependent women not on prescribed replacement therapy with MMT or BMT were excluded from the study. Neonates less than 28 weeks gestation were excluded (n = 2) as the ability of the placenta to metabolize methadone or store buprenorphine prior to the third trimester is unclear (Nanovskaya et al., 2004) .
A data collection worksheet developed by the nurse researcher was approved for use by a panel of expert researchers as a research tool prior to the start of this study. This tool was used solely by the nurse researcher to document demographic data obtained on each motherneonate dyad as well as information regarding the variables of interest in the study. Some EMRs were reviewed twice for accuracy.
Maternal Measures
Maternal age, gravidity, parity, gestational age when prenatal care was initiated, number of prenatal visits, form of maintenance treatment (MMT or BMT) and dose, number of cigarettes smoked during pregnancy (none, 0-½ pack per day [PPD], ½ PPD-1 PPD and >1PPD) and self reports of alcohol consumed while pregnant were extracted from prenatal, intrapartal and neonatal EMRs. In most cases, mothers' use of substances was queried on the initial prenatal visit. Subsequent antepartal and intrapartal assessments of maternal drug exposures (prescribed and illicit) and urine drug screen results for benzodiazepines, cannabinoids and other opioids were noted.
Neonatal Measures
Neonatal date of birth, gender, type of feeding (breast milk, formula, or both), gestational age at the time of birth, birth weight, head circumference, size for gestational age, LOS, need for pharmacologic therapy for NAS (yes vs. no), age (measured in days) when infant first started pharmacologic treatment for NAS, type of treatment used (phenobarbital [first line therapy]) and age when second line therapy (diluted deodorized tincture of opium [dDTO]) was started during initial hospitalization.
Statistical Analyses
The data analysis was generated using the Statistical Package for the Social Sciences (SPSS ™ ) version 19. Descriptive statistics were used on demographic factors. Adequate power to examine the influence of maternal lifestyle and infant feeding method was afforded in the methadone group, which was examined separately using multiple linear regression statistics. The model examined variables hypothesized to affect LOS: maternal methadone dose, smoking, SSRIs, benzodiazepines, alcohol, other opioids and marijuana. In addition we added infant feeding method because of the association with LOS in other studies (Jansson, et al, 2007; 2008a; 2008b; Jansson, 2009) . Significance was set at p ≤ .05. Table 1 shows the demographics comparing MMT and BMT maternal samples for antenatal variables related to comorbid prenatal drug, nicotine and alcohol use. The mean maternal age was 25.3 years (standard deviation [SD] = 3.9, range 18-37). Other demographic variables and outcome in terms of means, SDs and percents for MMT and BMT groups are presented. Group contrasts were examined with t-test means comparisons or Chi square for categorical variables. All demographics measures were similar between the MMT and BMT groups; with the exception that marijuana use during pregnancy was reported as significantly higher in the MMT group (p <.05).
Results
All of the women qualified for MaineCare, Medicaid health insurance for low-income families and therefore deemed socio-economically disadvantaged. The demographic characteristics of the two groups of women, those on methadone and those on buprenorphine, were similar for age, gravidity, parity, gestational age at first prenatal visit, number of prenatal visits, reported use of tobacco, alcohol, and marijuana, and documentation of prescribed SSRIs and/or illicit use of benzodiazepines and other opioids.
Neonatal Outcomes
Table 2 displays the descriptive statistics that were calculated for the 152 neonates exposed prenatally to MMT (n = 136) or BMT (n = 16); one of the MMT neonates had exposure to BMT in early pregnancy then the mother was converted to MMT by the time of delivery. Despite the group size differences, we found that the MMT group had significantly smaller head circumference (p <.03). There were also differences by group in size for gestational age (p <.03) with MMT group showing more SGA and BMT showing more neonates with LGA diagnosis. However, the group size differences are a caution in interpreting the demographic findings.
Methadone Group Analyses
A multiple regression model was developed to examine LOS in relation to maternal methadone dose and the hypothesized concomitant exposures associated with maternal lifestyle and health. The following predictors were entered into the model: maternal methadone dose, smoking (none, 0-½ pack per day [PPD], ½ PPD-1 PPD and >1PPD), marijuana (yes vs. no), benzodiazepines (yes vs. no), SSRIs (yes vs. no), alcohol (yes vs. no), use of other opioids (yes vs. no) and infant feeding method (dummy coded as formula, mixed [formula and breast milk] and breast milk only). Table 3 shows that the overall model was statistically significant, F (8,101 = 3.93), p = <.000, R 2 = .24 with effects detected for methadone dose (p = .022), benzodiazepine exposure (p = .006), and feeding method (p =. 052). Maternal methadone dose and concomitant use of benzodiazepines increased LOS by 8.6 days while women on MMT who breastfed their neonates shortened their infants' LOS. In this model, LOS in methadone exposed neonates was increased by maternal methadone dose and concomitant exposure to benzodiazepines. Infants with prenatal exposure to methadone who were breastfed were discharged home earlier than those infants who were formula fed.
Discussion
The main findings of this retrospective study suggest that maternal methadone dose was associated with neonatal LOS. These findings are similar to those of Wouldes and Woodward (2010) who reported a positive relationship between maternal methadone dose and NAS. Most recently, Pizarro (2011) found that higher methadone doses were not associated with increased rate or severity of NAS or other adverse perinatal outcomes; therefore, dosing should not be restricted or lowered during pregnancy. Controversy over methadone dosing for maintenance therapy in pregnancy persists and warrants further investigation. Individual variations in body weight, rates of metabolism and interactions between tobacco, methadone and other medications being taken simultaneously must be considered. Seligman et al. (2008) reported that maternal benzodiazepine use is a predictor variable for length of treatment for NAS. Neonates exposed to methadone and benzodiazepines while in utero and who were born at term had significantly longer length of treatment for NAS when compared with unexposed neonates or to exposed neonates born prematurely (Seligman et al) . Symptoms of benzodiazepine withdrawal confound NAS treatment and scoring because of the potential for delayed onset of withdrawal symptoms by 12-21 days of life (Oei & Lui, 2007) . Concomitant exposure to SSRIs with MMT did not prolong LOS and this confirmed reports by Seligman et al. (2008) that SSRIs were not associated with longer length of treatment of neonatal NAS.
Infant feeding method was negatively related to LOS, suggesting that breastfeeding may be protective for neonates withdrawing from opioids. This finding might have been statistically significant with a larger sample. Although Jansson et al. (2008) found that concentrations of methadone in breast milk were low and not related to maternal dose, increasing evidence from our group (Brown, Hayes, & LaBrie, 2011; Pritham, 2011) found that breastfeeding was associated with a decreased rate of infant treatment for withdrawal from prenatal methadone or buprenorphine exposure. Breastfeeding is permitted and encouraged if the maternal urine drug screen is negative for illicit substances upon admission for active labor.
Although the study lacked equivalence of subjects in the two exposure groups (methadone and buprenorphine), neonates exposed to buprenorphine experienced less severe NAS and shorter LOS than those exposed to methadone by seven days, which is consistent with prior comparative studies (Binder & Vavrinkova, 2008; Fisher et al, 2006; Jones et al., 2005; Kakko et al., 2008; Minozzi et al., 2008) . One of the limitations seen with previous comparative studies, as well as this study, is that the buprenorphine groups have been small and insufficiently powered to detect meaningful differences between methadone and buprenorphine. Evidence from the MOTHER project (Jones et. al., 2010) suggests that BMT may be preferable over MMT in the treatment of opioid dependence during pregnancy as NAS is less severe. The outcome of the MOTHER project provides the FDA with additional longitude information about the safety and efficacy of BMT during pregnancy, but prospective studies on the immediate and long-term outcomes of neonates with exposure to both forms of opioid replacement therapies are necessary (Jones et al., 2008) .
Limitations of the Study
This study had several limitations that should be considered when interpreting the findings. First, the researcher was dependent on the availability of medical records and accuracy of clinicians' documentation of exposure history to a number of substances of interest. Maternal drug use was mostly determined by self-report, which can be unreliable in pregnant women. Pregnant women often minimize their reported use of cigarettes and alcohol due to social stigma and shame. Opioid dependent pregnant women are under close scrutiny by social services and underreporting of prenatal alcohol use or abuse is likely to avoid the potential loss of infant custody to child protective services. Thus, the lack of tobacco or alcohol effects on neonatal length of stay may be due to a social desirability bias related to underreporting or false reports by the women.
It was difficult to determine from the obstetrical records when some of the women started opioid replacement therapy, SSRIs or benzodiazepines. Documentation pertaining to dose, frequency and duration of the SSRIs and benzodiazepines used in pregnancy was lacking.
Examining the duration and amount of in-utero exposure to opioid replacement therapy, SSRIs and benzodiazepines by the neonates and subsequent LOS would have been valuable. Seligman (2008) found an association between term versus preterm birth and longer length of neonatal treatment for NAS after exposure to MMT. The explanation given was that term infants have a greater duration of intrauterine exposure to substances than preterm infants do.
Another limitation of the study was the presence of unmeasured confounders such as maternal length of time in addiction treatment, number of treatment relapses, time of initiation of MMT or BMT relative to gestational age and duration of such therapy. An examination of the women's lifetime history of substance abuse and family violence may better explain continued drug use during pregnancy. Knowledge of addiction severity, length of time in treatment for addictions, and the frequency of relapse over a lifetime may help to distinguish women on MMT from women on BMT. Furthermore, BMT differs from MMT in opioid equivalence and may not be comparable. Most importantly, the study lacked equivalence of subjects in the two exposure groups, MMT and BMT. BMT is not FDA approved for use in pregnancy which constrained the number of pregnant women on BMT available during this study period. Some neonates with prenatal exposure to licit or illicit MMT or BMT without symptoms of NAS may have been inadvertently discharged home early and not identified as part of the sample.
The mean LOS at EMMC was examined to evaluate the neonates' severity of NAS, although another marker of the severity of NAS was the initiation of first line therapy with phenobarbital and second line therapy with dDTO to treat NAS. Beyond this, further analysis of NAS drug regimen and doses, was not conducted although the treatment pharmacotherapy was standardized for all infants in both groups during the period of data collection. We did not examine neonatal drug regimen and it was not controlled for across groups.
Implications for Practice
Educating pregnant women on opioid replacement therapy and their clinicians that the concomitant use of benzodiazepines may potentiate NAS in their neonates is an essential harm reduction strategy. Jones et al. (2008) , through collective clinical and research experience, summarized many of the key issues in the treatment of opioid dependent pregnant women and offered general recommendations for antepartal, intrapartal, and postpartal care but standardized protocols are necessary. Evidence from the MOTHER project (Jones et. al., 2010) suggests that BMT may be preferable over MMT in the treatment of opioid dependence during pregnancy as NAS is less severe. However, without FDA approval, clinicians remain reluctant to prescribe buprenorphine for pregnant women. New models for providing care to opioid dependent pregnant women are needed that address poly-substance abuse, co-occurring psychiatric disorders and possible medication interactions. Clearly, the integration of obstetrical care/primary care within substance abuse treatment programs would increase awareness of the risks of concomitant use of benzodiazepines with MMT and perhaps BMT on perinatal outcomes. Collaboration between the addiction treatment specialists, psychiatrists, and prenatal care providers is essential. Collective emphasis on nonpharmacologic alternatives for the management of depression and anxiety is needed to lessen any unnecessary fetal exposures.
NAS may prolong hospitalization of neonates with in-utero exposure to MMT or BMT and this may impact maternal-infant bonding and attachment and places additional burdens on families and the health care system. Breastfeeding, which has been associated with a decreased need for NAS treatment and promotes infant attachment and bonding, should be encouraged. Other interventions, such as infant swaddling and minimizing external stimuli, to lessen the severity of NAS and possibly the need for pharmacologic treatment of NAS, will shorten length of hospital stay as well and are cost effective.
Conclusion
There is growing evidence that demonstrates the superiority of BMT over MMT in pregnancy outcomes and NAS (Jones et al., 2010) and fetal neurodevelopmental indicators (Jansson et al., 2011) . This has influenced decisions made by practitioners to allow women on buprenorphine prior to pregnancy to remain on buprenorphine while pregnant as long as they are not experiencing withdrawal symptoms. Ongoing individualized assessments of treatment response and dose adjustments throughout pregnancy with adjunct psychosocial interventions will enhance the effects of MMT and BMT (Connock et al., 2007) . One of the concerns when evaluating neonates of opioid dependent pregnant women is the impact of multiple substances, licit and illicit, used during pregnancy that may affect the expression of NAS (Jansson, 2008) and even worsen the withdrawal symptoms. Improved addiction treatment and prenatal care during the antepartal period is thought to mitigate this.
Nocon (2006) reported that a buprenorphine-managed mother might save at least $25,000 in hospital expenses even though methadone is less expensive and in some cases is more effective in treatment retention than buprenorphine (Connock et al., 2007) . Nocon states that minimal to no NAS from buprenorphine results in less morbidity to the newborn and fewer admissions to the NICU which is cost saving for patients and insurers.
Further research is needed to determine differences in NAS between neonates whose initial exposure to opioid replacement therapy occurred at different gestational ages and with different durations of exposure. Longitudinal studies of the neonates with in-utero exposure are necessary to identify potential long term effects on neurological development. Table 1 Demographics of Women on MMT and BMT 0.20 MMT = methadone maintenance therapy; BMT = buprenorphine maintenance therapy; GA = gestational age; NAS = neonatal abstinence syndrome. Parametric variables were analyzed with independent sample t-tests (GA at birth, birth weight, head circumference, length of stay, age treatment started and age second medication started); the remaining variables are categorical and X 2 was used. Note. F (8, 101) = 3.93, p = .00 R 2 = .24; LOS = length of stay; SSRIs = selective serotonin reuptake inhibitors.
